Because the spine represents the most common site of skeletal metastatic involvement, neurosurgeons and orthopedists commonly encounter cases of spinal metastases. 8 Spinal metastases often cause severe pain and neurological compromise, which affect functional abilities and QOL. Rational therapeutic decision making requires a thoughtful consideration of the following critical elements: the patient's general medical condition, the tumor type and its radiosensitivity, tumor stage including the patient's life expectancy, previous therapy, neurological condition, time course of symptom onset, extent of spinal involvement including issues of instability, and patient/ family wishes.
may guide supplementation therapy to optimize wound healing and general recovery. Vigilant regard to the prevention, detection, and treatment of deep vein thrombosis is critical in debilitated patients.
Preoperative Embolization
Certain tumors warrant special consideration with regard to preoperative preparation to reduce intraoperative blood loss. Whereas preoperative treatment of renal cell metastases is the classic example, embolization has also been reported to be useful in other tumors including metastatic thyroid carcinoma. 1, 6 The intraoperative blood loss associated with renal cell can be substantial, sometimes necessitating that the procedure be abandoned. 22 Preoperative embolization is not without risks to the arterial vessels and spinal cord, however, because it may be limited by involvement of major branches feeding the spinal cord. Additionally, induction of general anesthesia is often required. King, et al., 9 reported their experience with renal cell metastasis and embolization. There was no intergroup difference in blood loss between those in whom embolization was performed (14 patients) and those in whom it was not (29 patients); however, surgery was aborted secondary to excessive blood loss in three of the nonembolized patients. Subsequently, embolization was performed in these three patients, and reoperation was thereafter successful.
Pain Management
Inadequate pain relief has a significant effect on a patient's functional capacity and QOL. In the treatment of these patients multimodality control of pain must be a priority; a combination of systemic therapy (analgesic medication, hormones, chemotherapeutic agents, steroids, bisphosphonates, and radiopharmaceuticals) and local therapy (surgery, nerve blocks, and external-beam radiotherapy) should be instituted. Inadequate pain control is a common concern among patients and physicians. The reasons for this shortcoming are multifactorial and include poor pain assessment, underutilization of adjuvant therapy, inadequate management of side effects, and reluctance to initiate maximum analgesia including opioids until the late stages of the disease. 7 Analgesic therapy requires that assessment of pain relief be ongoing. Choices in medication must reflect a consideration of the severity and duration of a patient's symptoms. It is beneficial to involve subspecialists with extensive experience in the management of cancer-related pain early in the course of treatment. Nonsteroidal agents are often used in cases of mild pain and in combination with opioid drugs in cases involving more significant pain, but they have dose-limiting toxicity and implications regarding coagulation.
The use of sustained-release opiates allows for the maintenance of a more even pain control and can be supplemented with immediate-release preparations for breakthrough pain. Transcutaneous administration is best used when the dose providing stable control has been determined, because titration of the dose can be difficult. 7 Other considerations include epidural and intrathecal administration. Cordotomy can also be considered in cases of otherwise intractable pain.
Steroid Therapy. Systemic steroids are commonly used in the management of pain in patients with spinal metastases. 11, 12, 15 Steroids administered immediately after diagnosis may improve pain relief and possibly improve neurological function. Experimental evidence demonstrated in animal models indicates that systemic steroid therapy reduces spinal cord edema from epidural tumor and improves neurological outcome. 26, 27 The optimum dosing schedule is not well defined. The conventional therapeutic prescription is an initial 10-mg dose of dexamethasone followed by 4 mg every 6 hours. There is some evidence that larger initial doses (100-mg bolus followed by 16-mg doses every 6 hours) provides better pain relief in preparation for definitive therapy. 4 
Bisphosphonate Therapy. Bisphosphonates are structural analogs of endogenous pyrophosphate and their phosphate-carbon-phosphate nucleus binds strongly to mineralized bone matrix. Their principal effect is thought to be osteoclast inhibition and decreased bone resorption. They are used clinically, most commonly in cases of breast cancer and multiple myeloma, to reduce bone metastasis-related complications, especially that of pain. Two placebo-controlled randomized trials were recently conducted to evaluate the effects of bisphosphonates (pamidronate) on bone metastasis-related complications including pain, pathological fractures (vertebral and nonvertebral), hypercalcemia, spinal cord compression, and need for radiotherapy or surgery. 5, 24 Overall, the authors of both trials demonstrated a statistically significant reduction in mean skeleton-associated morbidity rate (number of events/year over a 2-year period). No significant reduction in vertebral fractures or spinal cord compression was shown in either trial, although a significant reduction in hypercalcemia was found in both. When pamidronate was used in conjunction with chemotherapy, Hortobagyi, et al., 5 found a significant reduction in the overall incidence of fracture, as well as the need for surgery and/or radiosurgery (for pain or other indication). In the other study by the same group, 24 in which pamidronate was used in combination with hormone therapy, they found no statistical significance in these categories.
There is also recent evidence suggesting that bisphosphonates may have antiapoptotic and antiproliferative effects on macrophages and tumor cells in addition to osteoclasts. 18 Three randomized trials were designed to address the potential antitumor effects. 3, 16, 17 Unfortunately, the results among the trials have been inconsistent. Diel, et al., 3 found statistically significant reductions in bone and visceral metastases as well as an increased rate of survival in clodronate-treated breast cancer patients with bone marrow involvement. Powles, et al., 16 demonstrated an overall reduction in bone metastases but no changes in the rates of visceral metastasis or overall survival in a multicenter trial of over 1000 patients without risk selection criteria for metastasis. In a third trial in which investigators examined the effects of clodronate in 299 patients with nodal-positive breast cancer no benefit was shown in bone metastasis, visceral metastasis, or overall survival rates. 17 Although the reason for these inconsistencies is unclear because the treatment doses were similar, it may be related to methodological differences such as inclusion criteria or numbers of patients. 2 Finally, the effects of bisphosphonates on postoperative bone healing have not been evaluated.
Radiopharmaceutical Therapy. Radiopharmaceutical therapy with agents such as strontium-89 and samarium-153 conjugated to pyrophosphate has demonstrated significant reduction in metastatic bone-related pain 3, 19, 20, 25 and may ultimately improve a patient's mobility, reduce dependence on narcotic and nonnarcotic analgesics, improve performance status and QOL, and possibly improve survival rates. Radiopharmaceuticals are intended to localize to bone and reduce systemic exposure and toxicity. Radiation is concentrated predominantly at the metastatic site with lower exposure to normal bone marrow.
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CONCLUSIONS
Although surgery and radiotherapy remain the mainstay therapies in cases of symptomatic metastatic spinal disease, numerous adjuvant therapies are available that will improve QOL and perhaps ultimately extend survival. Adequate pain control is a major concern among patients, families, and physicians because it significantly affects functional capacity and QOL. Multimodality control of pain through a combination of systemic therapy (analgesics, hormones, chemotherapy, steroids, bisphosphonates, and radiopharmaceuticals) and local therapy (surgery, nerve blocks, and external-beam radiotherapy) must be a priority in the treatment of these patients. Further investigations are required to determine optimum combinations of these therapies in the treatment of metastatic spinal tumors. The patient's general medical condition including nutrition should be aggressively treated. Additionally, in our experience, preoperative embolization in cases of renal cell metastasis is beneficial.
